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Abstract: The purpose of this paper is to present fuzzy reasoning as a formal tool for determining the
differences in perception of individual communication channels by customers. These differences in
customer perception are important for micro-enterprises to develop an effective green advertising
campaign. These kinds of enterprises are not able to conduct their own extensive marketing research
or use the service of marketing agencies. Micro-enterprises are the cornerstone for sustainable local
economic growth where the community plays an irreplaceable role for sustainable development.
Marketing communication is unique and complex because it focuses on feelings, moods, and personal
preferences. The main problem is the uncertainty of this input data which makes it difficult to develop
effective green advertising campaigns. Fuzzy sets and fuzzy reasoning are used to make verbal
descriptions suitable for computer applications. A fuzzy pairwise similarity is used in this paper.
The case study has eight relevant variables/marketing communication media, e.g., e-mailing, social
networks, web pages, text messaging, newspapers, phone calls, posters and radio, and five segments
of respondents selected by age. Each segment is presented as a fuzzy conditional statement. A set of
fuzzy pairwise similarities is generated.
Keywords: micro-enterprises; marketing communication; green advertising; sustainable
development; verbal description; fuzzy similarity
1. Introduction
Sustainability is a crucial topic confronting a wide range of businesses, prompting marketers
and academics to set novel and relevant targets [1]. Methods for developing sustainable processes,
products, and services became a key topic challenge for marketing professionals and other entities like
governments. Sustainable marketing is based on the theory of sustainability and covers the same three
dimensions—environmental, economic, and social. Sustainable marketing focuses on the future of
mutual relationship and communication between enterprises and their customers [2,3]. Even though
both customers and enterprises realize the importance of sustainability, it is difficult for enterprises to
draw customers’ attention via sustainable marketing strategies [4]. Enterprises need to communicate
their sustainable marketing strategies effectively and marketing communication has its irreplaceable
role in sustainable development. Marketing communication has the potential to clearly communicate
new sustainable kinds of business to consumers [5,6].
Marketing communication is associated with green advertising. Banerjee et al. [7] defines the
green advertising in these three aspects:
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1. Any advert that includes the relationship between a product and biophysical environment;
2. Any advert that comprises a green lifestyle with or without highlighting a product;
3. Any advert that promotes a corporate image of environmental responsibility.
One of the most well-known definitions of green advertising is based on a two-tier approach.
The first tier comprises and signifies the technical perspective attitude and the second tier highlights the
wider concepts of sustainability [8]. This definition points out the interconnection between technical
aspects of advertising and sustainability. Therefore, it is crucial for the purposes of the article and
presented case study. Many other authors focus on the concept of green advertising at different
levels [9–11]. McDonald and Oates [11] argue that green consumers try to apply their sustainable
values into purchasing criteria such as energy efficiency of local sourcing. The authors also emphasize
that it is easier to encourage sustainable buying behavior in fast-moving goods like food than in
occasional purchase of large products such as a fridge or motorcar. These authors add in their later
research that demographics and green behavior of consumers are often taken into consideration so
that relevant target groups of consumers could be identified with more effectiveness [12].
A micro-enterprise used in the case study is related to the McDonalds’ and Oates’ research mainly
in these aspects—food industry and local sourcing. The segments of consumers are analyzed from the
perspective of demographic segmentation (age) in the field of marketing communication.
Micro-enterprises are defined as firms with fewer than five employees [13]. According to the U.S.
Small Business Administration, micro-enterprise is defined as an enterprise that has fewer than five
employees [14]. On the contrary, The World Bank defines micro-enterprise as a company that has up to
10 employees and its total assets of up to $10,000 and total annual sales of up to $100,000 [15]. The
European Union definition of micro-enterprises is relevant for the purposes of this paper. The European
Commission defines a micro-enterprise that has up to 10 employees, a balance sheet total below EUR
two million, and turnover also below EUR two million [16].
It is important to see these entities not only from the perspective of sustainable economic growth
but also their social, environmental, and cultural dimensions. Micro-enterprises are community
based, which is crucial supposition to bring together all elements of sustainable development.
Micro-enterprises foster sustainable development only if they are also integrated into community
development [17].
Sustainable entrepreneurship brings a significant change in business targets [18]. It is essential
to shift from profit-centered aims to sustainable-centered ones, see [19]. The interaction between
micro-enterprises and customers plays a key role to reach the sustainable-centered targets and both
subjects have to be well-motivated to support sustainable entrepreneurship. Solid intent is needed to
become a sustainable entrepreneur who can support the whole community. This intent is an important
stimulant for becoming sustainable entrepreneur [20].
Micro-enterprises are closely involved in communities and they have a better chance of being
recognized when they provide products or services. It is beneficial for micro-enterprises to focus on
green processes as they can easily attract potential customers. Entrepreneurs providing services ought
to acquire a distinct market, based on green activities [21].
It is necessary for companies to inform the potential customer about the sustainable intentions, to
raise awareness, and try to influence consumer behavior towards sustainable development [18].
For these purposes, entrepreneurs have to strive to use effective marketing communication and
an optimal communication mix.
Nowadays marketers face a wide choice of media channels in communication with their customers.
It is necessary to manage marketing communications carefully and effectively. Apart from traditional
marketing channels, online media is increasingly significant in the communication mix. Online
marketing communication contains various kinds of media such as social media, search engine
marketing, email marketing, display advertising, or mobile advertising. The internet has become an
everyday part of the lives of millions of people around the world [22].
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Today, marketing communication includes creating and maintaining online communities.
Interaction and collaboration with customers allows enterprises to get a better understanding of
their wishes and needs [23].
Good coordination of various communication channels is the key in integrated marketing
communication. Enterprises can deliver the message to the customer with a higher impact by
using more communication channels. This impact is a result of the fact that a customer receives a
consistent message from more marketing channels, see [24], which is more effective than using only
one communication medium.
Enterprises have to get to know how customers perceive the importance of individual
communication channels to provide a consistent message with a high synergy effect. Several studies
focused on synergy in traditional marketing channels [25], but also between traditional and online
media [26,27].
Real-world modeling and optimization of marketing communications (MC) is based on uncertain
inputs, such as the personal knowledge. This uncertainty of the input information often excludes
statistical methods, see [28,29]. The normality and the minimum number of data sets are the essential
requirements for the correct applications of statistical methods; for details see, e.g., [30,31].
Realistic MC problems are unique and usually difficult to measure and quantify. This uniqueness
may make it impossible to isolate them without significantly distorting the input information which
has a significant impact on the accuracy of the problem. This is the main reason for being unable to use
statistical methods for real MC-related tasks.
The objective way to evaluate the probability of an event is to repeat the measurement/observation
of the outcome of the event many times under the same conditions. This is practically impossible. This
is the main reason why new formal tools are necessary for the study of marketing communication tasks
when the model must be neither too simplified nor too specific. This paper presents a new approach
how to use fuzzy logic to integrate shallow MC knowledge items into a formal model using small data
sets and to obtain a relationship between the monitored variables.
MC indicators have been produced for various purposes by a wide spectrum of institutions
leading to diverse indicators. However, using an adequate and consistent set of indicators to measure
marketing communication for a company or customer is not easy. There are two approaches for solving
MC realistic problems:
• Common sense approach based on feelings, experiences, analogies;
• Formal approach based on mathematical models.
Fuzzy sets are tools that allow to integrate both of the above approaches.
The article contains the following sections: Materials and Methods, Case Study, Discussion and
Conclusion. The mathematical framework of fuzzy reasoning is explained in the section Materials and
Methods. The authors deliberately chose a confectionery micro-business for the case study because
customers in this sector are more sensitive to sustainable buying behavior [11]. The owner of the
chosen micro-enterprise tries to lead the company with the principles of sustainable development,
mainly by using local bio-raw materials, using paper packaging instead of plastic. The owner plans
to organize baking courses for customers as a new activity of her micro-enterprise which produces
confectionary products. Within these courses, she intends to promote the idea of the ecology of
sustainability, especially in the area of using local resources, eco-friendly packaging, and to eliminate
semi-finished products. Baking courses also have a social overlap as they are also targeted at the local
community, which will have a positive impact on strengthening local people’s relationships. On the
basis of these facts the following research question is formulated.
What are the differences in perception of communication channels by customers based on their
age? Fuzzy reasoning will be used for this purpose.
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2. Materials and Methods
2.1. Fuzzy Reasoning
A fuzzy set theory is based on the premise that the key elements of human thinking are not
numbers but words, see, e.g., [32–34].
In the case of large amounts of input data, the key feature of human thinking is the extraction of
only experiences that is relevant to the problem, see, e.g., [35–37]. Fuzzy reasoning is based on a very
similar principle.
There are many different fuzzy thinking algorithms with different levels of sophistication, see,
e.g., [38,39]. However, many of these algorithms are too complex and difficult to understand to widely
use. MC experts will be willing to accept fuzzy reasoning algorithms only if these algorithms are not
disproportionately theoretically demanding. Therefore, the following presentation of fuzzy reasoning
is based on an easy to understand algorithm, for details see [33,40,41].
A verbal value is a “value” that is given by words, e.g., very low, low, medium, high, around 5
degrees Celsius, etc. A verbal value of a monitored variable is transformed into a fuzzy set by the
specification of a grade of membership. For example, a verbal value around 5 degrees Celsius of
the variable temp is transformed into a fuzzy using the membership function µ, see Figure 1. The
membership function expresses whether a value belongs to a fuzzy set; for details see [42,43]. A typical
fuzzy set 5c of the verbal value around 5 degrees Celsius of the variable temp is
b < temp < c, (1)
where (see Figure 1)
µ5C(temp); temp ∈ [0,∞] (2)
is the grade of membership of the numerical value of the variable temperature to the fuzzy set 5c.
There are two fuzzy intervals, namely, see Figure 1:
a < temp < b, c < temp < d (3)
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μ5C(temp); temp ∈ [0,∞] (2) 
is the grade of membership of the numerical value of the variable temperature to the fuzzy set 5c. 
There are two fuzzy intervals, namely, see Figure 1: 
a < temp < b, c < temp < d (3) 
There are two intervals of numerical values of the variable temp which belong to the fuzzy set 
5c with the zero grade of membership: 
[0,a],[d, ∞] (4) 
A basic fuzzy model is a set of m n-dimensional conditional statements; see, e.g., [33,44]: 
if A1,1 and A1,2 and … and A1,n then B1 or 
if A2,1 and A2,2 and … and A2,n then B2 or 
⁝ 
if Am,1 and Am,2 and … and Am,n then Bm, 
(5) 
where fuzzy sets: 
There are two intervals of numerical values of the variable temp which belong to the fuzzy set 5c
with the zero grade of membership:
[0, ],[d,∞] (4)
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A basic fuzzy model is a set of m n-dimensional conditional statements; see, e.g., [33,44]:
if A1,1 and A1,2 and . . . and A1,n then B1 or




if Am,1 and Am,2 and . . . and Am,n then Bm,
(5)
where fuzzy sets:
Ai,j, Bi for i = 1, 2, . . . , m and j = 1, 2, . . . , n (6)
are one-dimensional fuzzy sets and can be easily specified or/and modified using points a, b, c, d of a
variable Xj (see Figure 1).
The model (5) represents a function
Bi = fi(Aj), (7)
where Aj is the j-th independent variable and Bi is the dependent variable. However, a dependent
variable Bi is not considered in this problem and paper:
0 = fi(Aj) (8)
Therefore, the model (5) is replaced by the following matrix (m × n):
A1,1 . . . A1,n




Am,1 . . . Am,n
(9)
2.2. Fuzzy Similarity and Similarity Graphs
A similarity s of two n-dimensional fuzzy sets V, W is:
s(n,V,W) = min(max(min(µV(xj), µW(xj)))), (10)
where j = 1, 2, . . . , n and xj is a concrete value of a monitored variable Xj.
The similarity s ∈ [0;1], s = 0 means there is no similarity of the fuzzy sets V a W, s = 1 means there
is 100% similarity, i.e., the fuzzy sets V and W are identical.
A similarity graph is the directed graph. This graph consists nodes and edges. All statements
are represented by nodes, see (5), (9), and all non-zero similarities s are represented by edges. The
determination of a fuzzy similarity and a similarity graph is shown in the following illustrative example.
In this example, let us consider an observed variable X and four statements; see Table 1. The
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Verbal evaluation (small, medium, high) is quantified using fuzzy sets. The fuzzy sets, see Table 2,
are dictionaries for the variable X in Table 1. Their graphical representation is shown in Figure 2.
Table 2. Dictionaries of the variable X.
X a b c d
Small (S) 0 0 10 20
Medium (M) 10 20 20 30
High (H) 20 30 50 90Sustainability 2018, 10, x FOR PEER REVIEW  6 of 15 
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Let us consider a query Q quantified using the fuzzy set (11).
a b c d
25 30 30 35
(11)
The graphical representation of the query (Q) is shown in Figure 3.
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The fuzzy similarities of the query Q (11) with the statements, see Table 1 can be determined by
(10) for n = 1. A graphical background of the fuzzy similarity is shown in Figures 4–6.
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Table 3 and Figure 7 show that the first statement (the fuzzy similarity equals 1) completely suits
the query. For the second and third statement, the fuzzy similarity is small. The fourth statement does
not suit the query because the fuzzy sim larity is zero.
In this example, ly o e criterion/variable was taken. It is very easy to ext nd this issu to several
variables. Mor over, thi approach may not only be used for selection, but also for comparison, e.g.,
finding out dependence betwe n variables, as sho n in th following case tudy.
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3. Case Study
The proposed method is applied to customers of a micro-enterprise which has three employees.
This company is engaged in the production of cookies and cakes from organic ingredients and also
organizes baking courses for the public. The presented case study is based on data sets of 272
respondents interviewed for research for a diploma thesis [45]. Quota selection technique was used to
determine the relevant sample of respondents. Each respondent evaluated MC media. The evaluation
is based on a scale 0–10. The scale describes the media importance perceived by each respondent. Zero
means that a respondent considers the communication channel completely unimportant. Zero in this
case accentuates the fact that the given communication channel makes no use at all. On the contrary,
a value of ten means that the given communication channel is vitally important for the respondent.
Because the data set does not meet basic assumptions of parametric tests and because it is hard to
say which variable is a dependent variable and which variables are independent, classical statistical
methods are rejected. Therefore, respondents are sorted into five segments by age with a various
number of members, see Tables 4 and 5.
Table 4. Respondents.






Table 5. Communications media.
Variable Media
V1 E-mail
V2 Social networks—Facebook and Instagram
V3 Web pages
V4 Newspapers




Basic empirical characteristics (the mean, the variance) of each variable are calculated for each
segment. These characteristics are used to transform the standard scale to fuzzy sets, see Figure 1. The
fuzzy sets (12), see Figure 8, are dictionaries for all variables from Table 5.
a b c d
Very low (VLO) 0 0 1 3
Low (LOW) 2 3 4 5
Medium (MED) 4 5 6 7
High (HIG) 6 7 8 9
Very high (VHI) 8 9 10 10
(12)
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A set of five fuzzy statements was created with application of the dictionary (12), see Table 6.
Table 6. Fuzzy statements.
Segment Media
V1 V2 V3 V4 V5 V6 V7 V8
S1 LOW MED LOW L LOW LOW MED LOW
S2 MED MED MED VLO LOW LOW LOW LOW
S3 MED MED MED VLO LOW VLO LOW VLO
S4 MED MED LOW VLO LOW LOW LOW VLO
S5 VHI MED HIG LOW LOW LOW HIG LOW
The intervals (12) are results of a discussion with experts. To check, they are subjected to a
sensitivity analysis. The sensitivity analysis has shown that fuzzification (12) is not sensitive and
therefore it has little effect on the similarity graphs below.
Three similarity graphs are studied. The first total graph (GT) focuses on all media channels, the
second graph (G1) contains classical media channels, and graph G2 includes online media channels,
see Table 7.
Table 7. Fuzzy similarity graphs and variables.
Fuzzy Similarity Graph Based on Variables, See Table 5:
GT—Total graph all variables
G1—Classical V4, V5, V6, V8
G2—Online V1, V2, V3, V7
Nodes represent individual age segments of respondents. Edges show the existing similarities in
the perception of individual media by these segments of respondents. Tables 8–10 give fuzzy pairwise
similarities of three graphs using formulas (10).
Table 8. Fuzzy pairwise segment similarities of GT.
S1 S2 S3 S4
S2 0.375
S3 0.265 0.321
S4 0.296 0.247 0.298
S5 0 0 0 0
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Table 9. Fuzzy pairwise segments similarities of G1.
S1 S2 S3 S4
S2 0.6
S3 0.321 0.265
S4 0.296 0.247 0.298
S5 0.28 0.265 0.265 0.247
Table 10. Fuzzy pairwise segments similarities of G2.
S1 S2 S3 S4
S2 0.375
S3 0.9 0.36
S4 0.444 0.343 0.424
S5 0.28 0 0.365 0
It can be seen from the GT graph (see Figure 9) that no edge leads to node 5. If all variables
(media) are taken into account, segment S5 (age: >51) differs significantly from the remaining segments
of respondents. Respectively, S5 perceives the importance of individual media differently from the rest
of the segments. There are edges between the other nodes. The segments S1, S2, S3, and S4 perceive
the media similarly. The grade of these similarities is shown in Table 8.Sustainability 2018, 10, x FOR PEER REVIEW  10 of 15 
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Table 8 indicates that the highest grade of similarity is between segments S1 and S2. The second
highest grade of similarity is between segments S2 and S3. It means that there is a similar perception
of media among segments of respondents that are close in age. From the results, it could be seen that
marketers should approach younger respondent segments differently to older ones.
The segment S5 differs from the other segments. Thus, it is important to answer the question
of which media are perceived differently. For this reason, the media was divided into two groups,
traditional and online.
It can be seen from graph G1 (see Figure 10) that there are edges between all nodes. There is a
similarity between media perception among all segments. Grades of similarity are shown in Table 9.
The highest grade of similarity is between segments S1 and S2. The second highest grade of similarity
is between the segments S1 and S3, which indicates that the same or similar marketing communication
strategy could be used for these segments.
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Graph G2 (see Figure 11) shows that there are edges between nodes 1, 2, 3, and 4. There are
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to S3. It could be caused by the fact that children and grandchildren try to influence parents and
grandparents to use online tools more.
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4. Discussion
The obtained result from the case study indicates there are differences in how segments perceive
marketing communication media. In the case of Table 8 and Graph GT, the perception of the media
importance by the oldest age group (S5) differs from that of other age segments (S1–S4). Based on
these outputs, it makes sense for the micro-enterprise to create at least two specific communication
campaigns. However, based on the results of Table 9 and Graph G1, it is possible to use a similar or the
same communication campaign for all aged segments if the micro-enterprise used only traditional
communication media. Finally, the results of Table 10 and Graph G2 indicate that the highest grade of
similarity (0.9) is between segments S1 and S3 and also S5 is similar to S1 and S2. It could be caused
by the fact that children and grandchildren try to influence parents a d grandparents to use onl n
tools more.
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This finding in itself is not so surprising, see [46]. However, it is interesting that the same results
can be achieved with a lack of input data where finding and confirmation of a relationship using
classical statistical methods is difficult.
Small entrepreneurial firms have to face the obstacle of being constrained by very limited financial
resources in comparison with large enterprises, see [47]. Micro-enterprises are not able to conduct their
own extensive marketing research or use the service of marketing agencies. They have difficulties
getting a large enough dataset to be able to evaluate the input data appropriately. This is the crucial
aspect due to the fact that micro-enterprises are the cornerstone for sustainable local economic growth.
The proposed tool also allows micro-enterprises to determine an appropriate communication strategy
for individual segments.
The management must bear in mind the interdisciplinary nature of most sustainability issues.
Soft sciences such as sociology or a political theory must be used. The relation among the marketing
communication and sustainable development is studied extensively. There is also relatively little
evidence of how social aspects and the knowledge/experiences of individual traders interact. This
means that the presented approach should be used for real sustainable tasks which are more complex
and flexible.
Complex marketing models of interdisciplinary natures are often interrelated mixtures of verbal
descriptions as well as some sub-models based on classical methods of numerical mathematics,
operational research, and so on. Such (semi)subjective experiences cannot be easy to understand
described by mathematical or statistical method. Conventional statistical methods, which are based on
the law of large numbers, are difficult to use if the studied marketing tasks are unique and complex,
see [31].
It is therefore important to identify the subjective and objective knowledge items. In order to
develop the best possible model of the studied unique complex task of sustainable marketing, it is
necessary to take into account knowledge items of different levels of subjectivity based on different
quantifiers, such as fuzzy and rough sets, trend modeling, etc. This is the reason why information
non-intensive formal tools based on verbal descriptions are increasingly being used (see, for example,
naïve physics algorithms, and [48–50]).
There is an extensive body of knowledge items that have been formalized for human-readability
using verbal descriptions. These verbal descriptions are difficult to model using computers which
causes their little use in practical marketing tasks. Fuzzy reasoning algorithms allow computers to use
verbal descriptions like human experts. However, these algorithms are far from using common sense
reasoning in a way that is comparable to the human. There is a surprisingly long history of this type of
research (see, e.g., [51–53]). However, the use of new approaches in artificial intelligence there is the
likelihood of success in using verbal descriptions in marketing problems. This means that a marketing
researcher must carefully study the development of artificial intelligence research.
5. Conclusions
Fewer information intensive methods of marketing analysis often achieve more realistic results in
cases where the system which is being modeled is very complex. These complex tasks are usually
studied at different levels of accuracy because more precise knowledge is available. As the first
approach for a decision of complex tasks, market experts use experiences represented by common
sense instead of mathematical models.
Fuzzy reasoning algorithms can teach computers to use verbal descriptions like human. Apart
from marketing communication and green advertising, the managerial implications of the article
should be seen in light of the fact that the proposed tool can be broadly used for additional fields in
the sustainable marketing decision-making process by defining goal variables related to sustainable
development, etc. More specifically, the tool can be used to determine: The importance of individual
“green” information (recycling) within green advertising on customers; the influence of individual
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ecological measures taken by enterprises; influence of individual factors within green marketing
(e.g., green labeling) on customers.
The number of observed variables has an impact on similarities. An increase of the number of
variables leads to a decreasing the number of non-zero similarities. This means that similarity graphs
based on a large number of variables disintegrate in (highly) separated clusters.
A potential, partial elimination of problems related to the different number of variables would
be to use trends as non-numerical quantifiers, see, e.g., [54]. Trends are quantified by just three
quantifiers—increasing, constant and decreasing. The trend quantifiers are the least information-intensive
inputs. This is a significant advantage, because these quantifiers can be easily used to quantify personal
knowledge, feelings, moods, etc. However, the most significant weakness of any trend-based marketing
study is that the results will only be trend-based. It means that, e.g., a trend marketing model could be
used to answer the following query: Is it possible to achieve sustainable business development by
choosing appropriate marketing communication? This issue should be the scope of future research.
There are also several managerial studies focused on sustainable marketing, e.g., [55–57], and in general
they have not taken into account the fact that some customers care very little about an enterprise’s
sustainable marketing policies and marketing strategy methods [4]. In accordance with this finding,
the future research perspectives should also be focused on how the proposed tool could be used to
determine which sustainable marketing strategies customers really value.
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